Background There is concern that mental and physical fatigue among endoscopists over the course of the day will lead to lower adenoma detection rate (ADR). There are mixed findings in the prior literature on whether such an association exists. Aims The aim of this study was to measure the association between the number of colonoscopies performed in a day and ADR and withdrawal time. Methods We analyzed 86,624 colonoscopy and associated pathology reports between October 2013 and September 2015 from 131 physicians at two medical centers. A previously validated natural language processing program was used to abstract relevant data. We identified the order of colonoscopies performed in the physicians' schedule and calculated the ADR and withdrawal time for each colonoscopy position. Results The ADR for our overall sample was 29.9 (CI 29.6-30.2). The ADR for colonoscopies performed at the 9th + position was significantly lower than those at the 1st-4th or 5th-8th position, 27.2 (CI 25.8-28.6) versus 29.9 (CI 29.5-30.3), 30.2 (CI 29.6-30.9), respectively. Withdrawal time steadily decreased by colonoscopy position going from 11.6 (CI 11.4-11.9) min for the 1st colonoscopy to 9.6 (8.9-10.3) min for the 9th colonoscopy. Conclusion In our study population, ADR and withdrawal time decrease by roughly 7 and 20%, respectively, by the end of the day. Our results imply that rather than mental or physical fatigue, lower ADR at the end of the day might be driven by endoscopists rushing. 
Introduction
In the USA, colorectal cancer is the second leading cause of cancer-related deaths and third most common cause of cancer [1] . While colonoscopy and sigmoidoscopy are effective means of screening for colorectal cancer, the benefit of screening may be reduced due to variation in the quality of the endoscopic study [2, 3] .
Adenoma detection rate (ADR) is the most validated measure of colonoscopy quality [4] . Lower physician ADR is associated with higher rates of interval colorectal cancer [5] . In a recent modeling study by Meester et al. [6] , a 5% decrease in ADR was associated with a 12.3 and 13.3% increase in colorectal cancer incidence and mortality, respectively. One potential driver of lower ADR is that, over the course of a day, an endoscopist may become fatigued and thereby detect fewer adenomas.
Prior research on the association between ADR and fatigue is mixed [7] [8] [9] [10] [11] [12] [13] . Fatigue has generally been measured by time of day (morning vs. afternoon colonoscopies) or number of colonoscopies performed on that day until that point. Chan and colleagues found that among early morning colonoscopies 27% more polyps and 21% more adenomas were identified compared to those later in the day [11] . However, other studies find no association between fatigue and ADR [9, 10, 14] . Lee and colleagues recently analyzed over a quarter million colonoscopies in the Kaiser Permanente system and found no association between ADR and the number of colonoscopies performed [9] .
Given the lack of consensus across prior studies, we measured the association between fatigue and ADR in a large multi-system database of colonoscopies and for the first time assess whether changes in withdrawal time might explain prior associations between time of day and adenoma detection.
Methods
We analyzed all colonoscopy and associated pathology reports from October 2013 to September 2015 at UPMC, an academic center in Western Pennsylvania, and Central Illinois Endoscopy (CIE), a private endoscopy center in Peoria, IL. In total, the dataset contains 86,624 colonoscopies performed by 131 physicians.
Relevant data on indication, removal of polyps, and adenoma detection were abstracted using a natural language processing (NLP) program. NLP is a branch of computer science that uses a computer to read free text and abstract relevant information [15] . Our study group has developed and validated an NLP-based computer program that identifies the necessary data for physician quality measurement [16] [17] [18] . The accuracy of the NLP program was confirmed by comparing specific data elements in 2127 colonoscopy and associated pathology reports which were abstracted both by the NLP system and by trained human coders [16] . The NLP program has been applied to measure quality across several health systems in the USA [17, 19, 20] . The data from colonoscopy and pathology notes were supplemented by data on withdrawal time for each colonoscopy which was recorded in a separate field in the medical record for only one of the two sites.
For each colonoscopy, we identified its position (nth colonoscopy) in the physician's schedule for the day. At one site, this was based on the insertion time, and for the other site, it was based on when the colonoscopy report was started (usually at the beginning of the procedure or soon after withdrawal). ADR for each colonoscopy position was the number of adenomas detected in colonoscopies in that position divided by the total number of colonoscopies in that position. To address whether any changes in ADR based on position were driven by patient characteristics, we conducted a sensitivity analysis in which we used a multivariate logistic regression model in which the outcome was whether an adenoma was identified in that colonoscopy and predictor variables were colonoscopy position, patient age, gender, and indication for the procedure (screening, surveillance, diagnostic). If a colonoscopy was performed for both screening and diagnostic purposes (e.g., rectal bleeding), it was classified as screening.
Results
The ADR for our overall sample was 29.9 (95% confidence interval (CI), 29.6-30.2). The ADR for the first 7 colonoscopies in a day ranged from 29.5 to 30.8 ( Table 1 ). The ADR for the 8th, 9th, and 10th + colonoscopies in a day decreased to 27.7 (CI 26.0-29.5), 27.4 (CI 25.3-29.6), and 27.5 (CI 25.7-29.2), respectively. When we pool the colonoscopy into groups, the ADR for the 9th or higher position 27.2 (CI 25.8-28.6) was lower than those performed at the 1st-4th, 5th-8th position, respectively, 29.9 (CI 29.5-30.3), 30.2 (CI 29.6-30.9), (p < 0.001). Similar trends were seen for polyp detection rate. The decrease in ADR seen after the 8th colonoscopy is attenuated, but remains after adjusting for differences in patient and procedure characteristics (Table 1) . In a sensitivity analysis limited only to colonoscopies performed for screening purposes, we also found that similar trends with the ADR for the 9th or higher position 28.2 (CI 26.2-30.4) were lower than those performed at the 1st-4th, 5th-8th position 29.5 (CI 28.9-30.0), 30.2 (CI 29.2-31.2), (p < 0.001), respectively.
Among colonoscopies for which we have withdrawal time (N = 12,637), withdrawal time decreased as colonoscopy position increased going from 11.6 (CI 11.4-11.9) min for the 1st colonoscopy to 9.3 (CI 8.6-9.9) min for the 10th + colonoscopy ( Table 1 , Fig. 1 ).
Throughout the day, ADR decreased by roughly 7% (percent difference between the first colonoscopy to the last colonoscopy of the day, 29.5-27.4%), and withdrawal time decreased by roughly 20% (percent difference between the first colonoscopy to the last colonoscopy of the day, 11.6-9.3 min) ( Table 1 ).
Discussion
We find that after the 7th colonoscopy within a procedure day, ADR drops by roughly 7% and there is a roughly 20% decrease in withdrawal time.
Our results differ from other studies which found no association between fatigue and adenoma detection. However, many of these negative studies had smaller sample sizes (400-4000 colonoscopies) [7, 8, [10] [11] [12] 14] which may have limited their power to identify a difference. Another possibility for the discrepancy is differences in physician payment and practice style between settings. In the large Kaiser Permanente study which found no association between fatigue and ADR [9] , the physicians did not have a strong financial incentive to perform more colonoscopies. We studied two health systems where physician income is at least partially dependent on procedure volume. In the Kaiser Permanente study, the median number of colonoscopies performed on a given day by a physician was 3 and the maximum number was 14. In our sample, the median was 4 and the maximum number was 18 colonoscopies per day.
Prior literature has hypothesized that mental and physical fatigue over the course of a procedure day drives lower ADR [7, 11, 21, 22] . Our results highlight a potential other mechanism. The steady drop in withdrawal time we observe over the course of the day raises the potential that the drop in ADR seen later in the day is driven not by mental and physical fatigue but rather by physicians being more rushed through the course of the day. The associations we observe imply that overall ADR would be higher if physicians only performed seven or fewer colonoscopies in a day. However, the impact of such a restriction on overall ADR may be small, given the magnitude of the association between fatigue and ADR and the fraction of all colonoscopies in our sample that are performed in the 8th position or higher. In total, there would be roughly 125 more adenomas if colonoscopies in the 8th position or above had the same ADR as the first 7 colonoscopies of the day.
Our study had several key limitations. The associations we observe are small in magnitude and, even with a sample size of over 80,000 colonoscopies, are only significant when we group colonoscopies. We include only two study sites, and data for withdrawal time were only available for one of the sites which limit our generalizability.
In a sample of about 80,000 colonoscopies, we evaluated changes in ADR and withdrawal time as the day progressed. We observed that ADR is generally constant up to the 7th colonoscopy performed in a day after which ADR decreases by roughly 7%. Withdrawal time appears to decrease over the course of the day (by roughly 20%). Together our results imply that decreases in ADR over the course of the day may be attributed not simply to fatigue, but also to endoscopists being more rushed as the work day progresses.
